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Abstract 


Alzheimer’s Disease (A D) is aneurological disorder caused by acetyl cholinesterase 
(AChE) via termination of the action of acetylcholine by catalytic hydrolysis. 
Article Info Inhibition of AChE is considered a useful approach to combat AD. The aim of the 
study is to evaluate the AChE inhibitory activity of compound isolated from the 
stem of Tinospora cordifolia. Chromatographic techniques were used to isolate and 
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Received : 26 August 2022 purify bioactive compounds. Their structures were determined by spectroscopic 
Accepted : 11 February 2023 analysis. Ellman colorimetric assay method was used to determine the AChE 
Published : 05 March 2023 inhibitory activity in vitro. The selected PDB was modeled with MOE 2019 using 


PDB ID: 4EY 7. Chromatographic separation yielded one compound. Based on 
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spectroscopic data, the molecule was identified as rel-(2S, 3S, 4R, 1 6E)- 2-[(2’R)-2’- 


hydroxynonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol reported for the first 
time in Menispermaceae. The molecule demonstrated good AChE inhibitory 
activity (IC,, = 0.05540.00 mg/ mL) at 0.1 mg/ mL compared to eserine (IC, = 
0.009+0.00 mg/ mL). Thedocked posehad an abundance of hydrophobic, hydrogen 
and Pi stacking interaction. The ceramide form potential lead for new AChEi drug 
for the management of AD. 


Keywords: Tinospora cordifolia, M enispermaceae, Ceramide, A cetylcholinesterase 
inhibition, M olecular docking 
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1. Introduction 


Alzheimer’s diseaseis a typeof brain disease caused by damage to nervecdls (neurons) inthebrain. It isthe 
most common causeof dementia, accounting for an estimated 60% to 80% of cases (KK apasi ¢ al., 2017, Brenowitz 
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et al., 2017). The neurons that aredamaged first arethe parts of the brain responsible for memory, language, 
and thought. As aresult, thefirst symptoms of Alzheimer’s disease are problems with memory, speech, and 
thinking. Alzheimer’s disease is a progressive disease that gets worseover time. Therate of progression and 
the skills affected vary from person to person (Jack e& al., 2009, Braak et al., 2011). In the 20 years leading up to 
theCovid-19 pandemic, deaths from other major causes either declined significantly or remained roughly the 
same, but official records show that deaths from Alzheimer’s disease haveincreased significantly. Between 
2000 and 2019, the number of deaths recorded on death certificates from Alzheimer’s disease more than 
doubled, an increase of 145.2%, while the number one cause of death (heart disease) decreased by 7.3% 
(WHO, 2004, Brunnstrom and Englund, 2009, Tejada-Vera, 2013, U.S. Department of H ealth and Human 
Services, 2021). 


The enzyme acetyl cholinesterase (A ChE) is an important therapeutic target in A D (Silman and Sussman, 
2005). Deterioration of cholinergic neurons in the brain and loss of neurotransmission are major causes of 
cognitive declinein AD patients (Bartus et al., 1982). According to the cholinergic hypothesis, the primary 
cause of AD is decreased acetylcholine (ACh) synthesis. Therefore, one possible therapeutic strategy is to 
increase cholinergic levels in the brain by inhibiting the biological activity of acetylcholinesterase (AChE). 
Therefore, AChE inhibitors are used to limit thedegradation of ACh. AChE inhibitors can enhance neuronal 
function by increasing the concentration of ACh (Tabet, 2008). 


Tinospora cordifolia belongsto the family M enispermaceae. It has been reported to be effectivein enhancing 
memory in animals with memory impairment and to enhance cognitive function in patients with Alzheimer’s 
disease (Lannertand Hoyer, 1998, Malveet al., 2014). Reported pharmacological activities also include anti- 
fertility, antioxidant and immunomodulating activities (Reddy and Rajasekhar, 2015). M olecules belonging 
to the class of clerodane diterpenesuch as Tinospononeand clerodane diterpeneglucosideTinocordioside 
werereported from thestem of Tinospora cordifolia (Rakesh et al., 1995, Atta-ur-Rahman et al., 1988), phenyl 
propeneglycosides (lM auryaet al., 1994) and aporphine alkaloids such as oxoglaucine, corydine(Onojacé al., 
2020). 


A number of cholinesterase inhibitors have been developed to treat AD and arecurrently available on the 
market. However, the efficacy of these drugs is limited, and thesedrugs haveshown various dose-dependent 
side effects. This necessitated the continuous search for new neurotherapeutic agents from nature with good 
cholinesterase inhibitory potentials and no side effects. The aim of the study was to evaluate the 
acetylcholinesterase inhibitory activity of compound isolated from thestem of Tinospora cordifolia. 


2. Materials and M ethods 


2.1, R eagents and Solvents 

Acetylcholinesterase (A ChE), A cetylthiocholineiodide (ATChI), 5:5-dithiobis-2-nitrobenzoic acid (DTNB), 
eserine and sodium phosphate buffer salts, column silica gel, n-hexane, dichloromethane, ethy! acetate, 
methanol were of analytical grade purchased from Sigma Aldrich, USA. 


2.2. Spectroscopic Instrument 

1H and ®C-N MR (Bruker AVANCE-III AV-400M Hz), Electron Impact M ass Spectrometry (El-M S) performed 
onJEOL MSroute, Fourier Transform Infrared spectroscopy (FT-IR) was recorded on Bruker Vector 22, M eating 
point range was also determined to ascertain purity using BUCHI (M-560). 


2.3. Collection and Authentication of Plant 


Tinospora cordifolia (Willd.) Miers ex Hook. F. and Thoms (M enispermaceae) stem was obtained from Obollo- 
afor of Enugu Statein the month of November/ December 2016. Plant was authenticated at Forestry H erbarium 
Ibadan (FH!) by Mr. Adeyemo, A. and ChukwumaC. Emmanud where voucher specimen was deposited as 
Tinospora cordifolia (FH! 112287). 


2.4. Preparation of Plant Extract 


9 Kg of powder of Tinospora cordifolia stem was macerated with 100% methanol for 72 h. The filterate was 
concentrated in vacuo. The dried concentrated extract was stored in arefrigerator at 4°C until required. The 
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methanolic crude extract was suspended in water and separating funnel was used to partition the extract 
successively with n-hexane, dichloromethane, ethyl acetate and aqueous methanol. 


2.5. Isolation of Bioactive M olecules from Ethyl AcetateFraction 

Firstly, ethyl acetate fraction yielded 91.8 g out of which 30 g was chromatographed using column 
chromatography on 600 g column silica gel (60-200 mesh size) on a6 cm diameter and 75 cm long column 
using gradient elution of n-hexane(100%), n-hexane: dichloromethane (9:1 to 1:9), dichloromethane (100%) 
and dichloromethane: methanol (99:1 to 93:7, 3:1 to 1:3) to yield 252 fractions. Secondly, a slurry of two (2) 
grams of sub fraction labeled EA -26 (pooled fractions 174-185) duted with solvent dichloromethane: methanol 
(97:3) was chromatographed using column chromatography on 60g column silica gel (60-200 mesh size) on 
a3cmdiameter and 80cm long column using thesolvent systems n-hexane (100%), n-hexane: dichloromethane 
(1:1 to 1:3), ethyl acetate (100%) and ethyl acetate: methanol (97:3 to 3:1). Thechromatography yielded 78 sub- 
fractions which were pooled together to 7 sub fractions (labeled as EA-26-1- EA-26-7). Theeluent 100% ethy!| 
acetate eluted light ydlow eduates EA-26-4 (pooled sub-fractions 32-43) which contain awhitearmourphous 
solid known as compound 1 (60 mg) soluble in pyridine. The TLC plates were visualized using UV lamp 
(254nm and 366 nm) and spray with 20% sulphuric acid, then heated with aspray gun to visualize spots. 


2.6. Acetylcholinesterase|nhibitory Assay 

Acetylcholinesterase inhibition was measured spectrophotometrically using acetyl thiocholineiodide(ATChlI) 
according to method of Ellman et al. (1961). Add 240 uL of buffer (50 mM Tris-HCl, pH 8.0) and 20 yL of 
various concentrations of compound (0.1-0.00313 mg/ mIL, 20 .L of enzymepreparation (0.28 U/ mL) to a 96- 
well plate Thereaction mixture was then incubated for 30 min at 37°C, after which 20 UL of 10 mM DTNB 
was added. The reaction was then initiated by the addition of 20 UL of 25 mM ATChI. Thehydrolysis rate of 
ATChlI wasthen measured by measuring the changein absorbance per minute(AA/ min) dueto theformation 
of the ydlow 5-thio-2-nitrobenzoate anion at 412 nm over apeviod of 4min at 30s interval. Buffer was used as 
negative control. All assays were carried out in triplicate. Eserine ((-) physostigmine) was used as positive 
control. 


The percentage inhibition (“dl ) of test sample was obtained using the formula: 
| (%) =[(V ,--V,)/ V ,]* 100 

where: | (%) =Percentageinhibition 
V, =Enzyme activity in the presence of test sample 


V ,=Enzymeactivity in the absence of test sample 


2.7. M olecular Docking Studies 


Human A cetylcholinesterase structure complexed with clinically approved inhibitor drug Donepezil (PDB 
ID: 4EY7) was downloaded from RCSB PDB website and was subsequently prepared by correction, 
Hydrogenation, minimization and partial charges application under AM BER : EHT 10forcefield. MOE 2019 
was used throughout for docking. Redocking in-silico experiment was carried out and showed a good value 
of substantially less than 1A. Theligand was built in molecular builder module of M OE 2019 and prepared 
by Quick prep application availablein theM OE Suite. The Reference compound donepezil and the purported 
inhibitor compound were subsequently docked with settings validated in redocking (Triangle matcher as 
placement, London DG as scoring method, GBVI as rescoring method and the induced fir docking was 
performed. 


3. Statistical Analyses 


Thestatistical analysiswas carried out using Graphpad prism 7. All data was expressed as mean +S.D. and 
of triplicate parallel measurements. Statistical analyses were performed using One-way ANOVA followed by 
Dunnett’s M ultiple Comparisonstest at o 0.05. Differences between means at 5% level (p <0.05) wereconsidered 
significant. Standard curves weregeerated and calculation of the 50% inhibitory concentration (IC,,) values 
was doneusing Microsoft Excel. 
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4. Results and Discussion 


4.1. Characterization of Compound 1 


It has retardation factor (R,) valueof 0.8in solvent system methanol: ethy! acetate (3:4). Melting point (M .p): 
144.1 °C-145.2 °C, Mass (m/ Z): 653.2 g/ mol [M +]. IR (y,., “°° cm): 3816.0, 3424.0, 2920.0, 2850.0, 1618.7, 
1551.9, 1468.0, 1072.5, 721.1 and NMR data (Table 1). Molecular formula (C,,H,,NO,) and structure has been 
assigned to the substance named rel - (2S, 3S, 4R, 1 GE) - 2- [( 2’R) - 2’ - hydroxy nonadecanoylamino]- 
heneicosadec-16-ene-1,3,4-triol (Figure 1) based on the physical data and spectroscopic analysis (UV,IR, MS, 
1H-NMRand &C-N MR). Its low resolution electron impact (El) mass spectrum onJEOL MS Routeinstrument 
showed major fragmentation at m/ z (%): 774.4 (1.8), 760.5 (4.0), 732.5 (8.4), 718.5 (6.0), 693.3 (12.4), 679.4 
(23.9), 665.3 (43.7), 647.3 (26.1), 620.3 (9.1), 592.3 (7.2), 524.3 (2.0), 467.1 (10.5), 453.2 (21.4), 439.2 (60.4), 422.2 
(30.4), 408.2 (72.3), 394.2 (44.1), 384.1 (71.2), 370.1 (39.7), 357.0 (100.0), 339.1 (75.6), 308.1 (16.0), 298.1 (4.7), 
280.0 (13.5), 265.1 (25.1), 226.1 (11.6), 125.0 (11.9), 97.0 (29.3), 83.0 (45.6), 69.0 (44.9), 59.9 (81.0), 43.0 (67.4). Its 
IR spectrum ranges from 3816.0 to 3424.0 cm with several broad peaks characteristic of bond N—H or O— 
H stretching, amide carbonyl at 1618.7 cmv, followed by the N-H bending at 1551.9 cm+. A long aliphatic 
chain was characterized by a band at 721.1 cm. The?H-N MR spectrum shows characteristic signals for the 
amide proton at 5 8.59(d, 1H, J =9.2 HZ), 5 7.63, 6.70(d, 2H, ) =6.4Hz) and 6.22 (d, 1H, ]=6.4H 2), all displayed 
as broad singlets. Signal at 6 5.12 (m, H-2) for nitrogen-bound methine. H ydroxymethylenesignals at 8 4.53 
(dd, )=6.4Hz, H-1a) and 4.44 (dd, 1H, J=4.8Hz, H-1b) and 6 4.62 (m, 1H, H-2’), 4.37 (dd, 1H, J=6Hz, H-3) and 
4.29(d, 1H ,]=6.4Hz, H-4) correspond to threeoxymethines. Additional signals for double bonds at 65.64 (td, 
J=15.4 and 5.4Hz, H-16) and 5.52 (td, J=15.4 and 5.8Hz, H-17), two additional signals at 5 0.85 (dd, 5H) A 
terminal methyl, |] =4.8Hz, 5.2 Hz, 3H-197/ 3H-21) and several methylene hydrogens at 52.26-1.24, two 
corresponding to aliphatic chains, are also observed. The COSY spectrum showed that thenitrogen-bonded 
methine (H -2) bound to proton oxymethylene (2H -1) and oxymethine(H -3), the latter to oxymethine H-4. As 
expected, the ?C-N MR spectra exhibited three low-field carbon signals at 6175.23 (C-1’) 131.30 (C-16) and 
131.11 (C-17). Thesecorrespond to acarbony! amideand a doublebond, respectively. Nitrogen methine (C-2) 
at 453.00, oxymethylene(C-1) at 8 62.06, three oxymethinesignals at d 76.81 (C-3), 73.03 (C-4), 72.48 (C-2°). In 
addition, several carbon signalsintherange6$ 35.73-22.94 assigned to methylene groups and acarbon signal 
at 14.28 corresponding to two terminal methyl groups were also obtained from the =C-NMR spectrum, 
confirming that the compound isa ceramidewas suggested. The distinct positions of hydroxyl groups were 
deduced based on the HMBC spectrum. Here, the proton signal at 6 8.59 (NH) showed correlation with 
carbonyl (C-1’) and nitrogen-containing methine (C-2), whereas the proton signal at 55.12 (H-2) Signals 
showed correlation with carbon signals at 5 62.06 (C-1), 76.81 (C-3), and 73.03 (C-4). Furthermore, the H MBC 
correlation between the proton signal at 5 4.62 (H-2') and the carbonyl (C-1') confirmed the presence of «a- 
hydroxy fatty acid sidechains. Thespectra and physical datawere in completeconcurrencewith theliterature 
(Maiae al., 2010). 


Figure 1: re] - (28 , 3S , 4R, 1 6E) - 2 - [( 2’R) - 2’ - hydroxy nonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol 
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Table 1:'H and =C-NMR Chemical Shift Values for rel (2S ,3S , 4R, 1 6E)-2[(2’R) 2’ hydroxy 
nonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol recorded in CSD5N (AVANCE-III AV-400 MHz) 


Position 1H-NMR BC-NMR 
1 4.53 (dd, 1H, —— 4.44 (dd, 1H, J=4.8Hz) 62.06 
2 5.12 (m, 1 53.00 
3 4.37 (dd,1H, J=6Hz) 76.81 
4 4.29 (d,1H ,J=6.4Hz) 73.03 
5 2.26 (m,1H), 1.96 (m,1H) 34.17 
6 1.75 (m, 3H) 26.66 
7-14 1.24 -1.42 30.01-30.34 
15 2.03 (m, 1H) 32.13? 
16 5.64 (td, J=15.4Hz; 5.4Hz) 131.30° 
17 5.52 (td, J=15.4Hz; 5.8Hz) 131.11° 
18 2.03 (m) 34.17 
19 1.24 -1.42 32.13 
20 1.24 -1.42 22.94 
21 0.85 (dd, 5H, J=4.8Hz, 5.2Hz) 14.24 
1’ 175.23 
2’ 4.62 (m, 1H) 72.48 
3 2.22 (m), 2.03 (m) 35.73 
4 1.24 -1.42 26.66 
5-16’ 1.24 -1.42 30.01-30.34 
17’ 1.24 -1.42(m) 32.13 
18’ 1.24 -1.42(m) 22.94 
19’ 0.85 (dd, 5H, J=4.8Hz, 5.2Hz) 14.24 
N-H 8.59 (d, 1H, J=9.2Hz) 150.24 
HO-1 6.70 (d, 2H, J=6.4Hz) - 
HO-3 6.70 (d, 2H, J=6.4Hz) - 
HO-4 6.22 (d, 1H, J=6.4Hz) - 
HO-2’ 7.63 (d, 1H, J=5.2Hz) 135.80 
Note: Chemical shift values are in 5 (ppm); Coupling constants are in Hz. 

Table 2: Result of Powder Microscopy of J. secunda Leaf 

CERA (Compound 1) Eserine 

Conc. (mg/mL) % Inhibition of AChE Conc. (mg/mL) % Inhibition of AChE 
0.1 66.30+0.87 0.1 81.98+2.92 
0.05 52.8833.53 0.05 77.7440.14 
0.025 38.1342.41 0.025 66.2824.50 
0.0125 30.75+0.91 0.0125 55.4445.59 
0.00625 23.7845.13 0.00625 45.31145.98 
0.00313 9.91+1.89 0.00313 37.57+7.20 
C,, (mg/ mL) 0.055+0.00 C,, (mg/ mL) 0.009+0.00 


Note: Values are presented as mean +standard deviation (n 


=3). 
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Trp286 


Figure 2: The Best Ranking D ocked Pose of the Reference Compound Donepezil on Human 
Acetylcholinesterase PD B ID: 4EY7 


Figure 3: The Best Ranking Docked Pose of re I-(2S , 3S , 4R, 1 6E)-2-[(2’R)-2’-hydroxy 
Nonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol on Human Acetylcholinesterase PDB ID: 4EY7 


Ceramides are naturally present in many food sources, including grains, tubers, and legumes such as 
wheat (Ohnishi & al., 1985; Fujino and Ohnishi, 1983), rice (Sugawara é€ al., 2010), corn (Aida et al., 2005), 
potato and sweet potato (Bartke et al., 2006), soybean (Gutierrez ef al., 2004), and konjac (Usuki et al., 2016). 
Also series of ceramides have been isolated from A frican medicinal plants, e.g., Tithoniamide from Tithonia 
diversifolia (Guan and Wenk, 2006), Paullinomide A from Paullinia pinnata (Miemanang é& al., 2006), 
Citropremidefrom Citropsis gabunensis (Tsassi et al., 2011), Glumoamide from Ficus glumosa (N anae al., 2012), 
LaportomideA from Laportea ovalifolia (Tazoo & al., 2007), (2S,3S,4R,8E)-2N -[(20R)-20-H ydroxytetracosanoy]]- 
&(E)-octadecene-1,3,4-triol from Cordia (Tapondjou & al., 2005). Ceramides remain interesting as many reports 
have presented some of them as potent anti-inflammatory agents (Cheng et al., 2009). Ceramides are among 
themost important ingredients in cosmetic products. Asa result, many scientific documents have revealed 
ther rolein thewater-retention capacity of theskin (Leeet al., 2003). Phytoceramide-based skin care products 
also help rehydrate the skin and strengthen its protective barrier. Both oral and topical administration of 
phytoceramide can enhance the endogenous epidermal lipid-synthetic capability (Shimoda é& al., 2012, 
Tokudome é& al., 2014) or replace depleted skin ceramides in some skin conditions and ageing (Ueda & al., 
2009). Themost widely studied biological activity of ceramides isthe ability to induceapoptosis, a programmed 
cell death essential to maintain normal cellular homeostasis and an important physiological response to 
many forms of cellular stress (H aimovitz-Friedman et al., 1994, Dbaibo ef al., 1998, Dbaibo et al., 2001). New 
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ceramide, lutaoside, and benjaminamide, isolated from the twigs of Ficus bajamina (Pourmalee al., 2011) and 
fromthe wood of Ficus lutea harvested in Cameroon, inhibited the growth of several microorganisms, including 
the bacteria Scenedesmus subspicatus, Chlordlasorokiniana, M ucor miehei, Bacillus subtilis, and thefungus Candida 
albicans (Simo et al., 2008). 


Currently, in diseases such as Alzheimer’s disease, the search for new drugs that can improve memory 
and learning or slow neurodegenerative processes is important. A biologically important enzyme known as 
acetyl cholinesterase has been implicated in the pathology of Alzheimer’s disease because it is involved inthe 
hydrolysis of acetylcholine, akey neurotransmitter in the brain involved in learning and memory (Herbert 
et al., 1995). Theuseof acetylcholinesterase inhibitors is considered a promising tacticto devate acetylcholine 
levdsinthe brain (Enz & al., 1993). Medicinal plants such as HuperzineA, an alkaloid isolated fromH uperzia 
serrata, Galanthamine, an alkaloid isolated fromG alanthus nivalis has been reported to haveneuroprotective 
potentials in conditions such as AD (Marston e al., 2002, J ones et al., 2006), Cladamidea new ceramidefrom 
the marine-derived endophytic fungus Cladosporium cladosporioides isolated from the leaves of themangrove, 
Avicennia marina (Forssk.) Vierh. has been reported to inhibit acetylcholinesterase (A mal ef al., 2021) and 
ceramides (MEC-1) from the Red Sea Marine Sponge M ycale euplectellioides has been reported to show a 
moderate anti-choline esterase activity in vitro and tight binding to AChE as confirmed by docking study by 
interacting with aromatic residue of peripheral anionic siteand penetrated deeply till catalytic triad residue 
of theactivesite (Reda et al., 2016). In this study, theacetylcholinesterase inhibitory potential of rel - (2S, 3S 
,4R, 16E) - 2-[ (2’R) - 2’- hydroxy nonadecanoylamino|-heneicosadec-16-ene-1,3,4-triol isolated from stem of 
Tinospora cordifolia was evaluated using ATChlI and DTN Bin vitro. Theprincipleinvolves the measurement 
of the rate of production of thio-choline as acetylthiocholine is hydrolyzed. This is accomplished by the 
continuous reaction of thethiol group with DTN B to producethe yellow anion of 5-thio-2-nitro-benzoic acid 
(TNB). The molecule demonstrated good A ChE inhibitory activity (IC,,=0.055+0.00mg/ mL) at 0.1 mg/ mL 
compared to eserine (IC, =0.009+0.00 mg/ mL) (Table2). In order to ducidatethe mechanism of inhibition by 
rel - (2S, 3S, 4R, 1 6E) - 2-[ ( 2’R) - 2’- hydroxy nonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol on 
Human acetylcholinesterase evidenced by single protein assay molecular docking studies were carried out. 
Thedocking results showed that the purported inhibitor compound rel - (2S, 3S, 4R, 1 6E) - 2-[ ( 2’R) - 2’- 
hydroxy nonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol showed a better docking scorethan thereference 
compound Donepezil but since rel - (2S , 3S , 4R, 1 6E) - 2-[ ( 2’R) - 2’- hydroxy nonadecanoylamino}]- 
heneicosadec-16-ene-1,3,4-triol was much larger than donepezil ligand efficiency metrics were applied as 
true measure of binding affinity. The ligand efficiency was better for donepezil than rel - (2S, 3S, 4R, 1 GE) - 
2-[(2'R) - 2’- hydroxy nonadecanoylamino]-hendicosadec-16-ene-1,3,4-triol in thestudy. Thedocked pose of 
Donepezil shows good distance H ydrogen bonding with crucial residues Phe295 and Tyr337. There was 
plethora of hydrophobic interactions with anumber of important residues. A water bridgewas also formed as 
shown in figure 2 with a bond length of 2.944 and estimated free energy of binding (AG), kcal/ mol to be 
(-9.8853) while the docked pose of rel - (2S, 3S, 4R, 1 6E) - 2-[ ( 2’R) - 2’- hydroxy nonadecanoylamino]- 
heneicosadec-16-ene-1,3,4-triol had an abundance of hydrophobic interaction explaining its higher dock 
score. It also formed hydrogen bonds with Phe295 and Tyr341. Water Bridges werealso formed with residue 
Tyr72, Ser 293 and Arg296. Two Pi stacking interactions were noted with estimated free energy of binding 
(AG), kcal/ mol to be (-11.1739) (Figure 3). Detailed post-docking analysis showed that the purported inhibitor 
was showing a very good docking profile as the reference compound isa well-established inhibitor and the 
compound was showing avery similar interaction profileand thuslikely to beatrueinhibitor. Theinsinuation 
of the findings is that the molecule has the potential to prevent the catalytic hydrolysis of acetylcholine by 
acetyl cholinesterase thereby increasing its half-lifein the brain and in turn improvelearning and memory. 


5. Conclusion 

rel - (2S, 3S, 4R, 1 6) - 2-[ ( 2’R) - 2’- hydroxy nonadecanoylamino]-heneicosadec-16-ene-1,3,4-triol a 
compound belonging to a class of ceramides has been reported for the first time in M enispermaceae. The 
ceramideisolated will contributeto knowledgein natural product chemistry as well as form possible potential 
lead for new AChEi drug for the management of Alzheimer’s disease. Further validation studies and ADME 
profile for clinical applicability is alogical next step. 
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Appendix 


Abbreviations 


AD: Alzheimer’s disease 

AChE: Acetylcholinesterase; PDB: Protein Data Base 
ACh: Acetylcholine 

NMR: Nuclear Magnetic Resonance 

IR: Infrared spectroscopy 

FT-IR: Fourier-Transform Infrared Spectroscopy 

UV: Ultraviolet-visible spectroscopy 

MOE: Molecular Operating Environment 

RM SD: Root Mean Square Deviation 

RCSB: Research Collaboratory for Structural Bioinformatics 
ATChlI: Acetylthiocholineiodide 

DTNB: 5:5-dithiobis-2-nitrobenzoic acid 
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